INTRODUCTION
It has been realized for more than a century [Tyndall, 1861] that if it were not for the presence of infrared-absorbing (greenhouse) gases in the Earth's atmosphere, mainly H20 and CO2, the Earth's surface would be several tens of degrees Celsius colder than it is. The possibility of global climate change due to anthropogenic and natural variations of CO 2 has been debated increasingly during the past century. Ramanathan [1975] fundamentally altered the greenhouse issue when he showed that CFCs, entirely man-made, also cause a significant greenhouse effect. Wang et al. [1976] argued that a broad range of other trace gases, including CH 4 and N20 , are also contributing to greenhouse changes. Lacis et al. [1981] showed that the combined measured changes of CFCs, CH4, and N20 in the period 1970-1980 caused a greenhouse climate forcing in the range 50-100% of that for the CO 2 change in the same period. Ramanathan et al. [1985] argued that during the next several decades the net greenhouse forcing for projected changes of trace gases other than CO 2 would exceed the greenhouse forcing due to projected CO 2 growth.
We calculate the contribution of CFCs to the increase in greenhouse climate forcing over the decade of the 1980s, comparing it with the greenhouse forcing by CO 2 and other trace gases. The result shows that CFCs have grown to be a large fraction of current increases in greenhouse climate forcing. But this comparison also points out the importance of the sharp reduction in the growth of CFC production that occurred in 1974, illustrating the great impact that a combination of an environmentally aroused public, government action, and worldwide economics can have on the greenhouse forcing of climate. Of course this break in production trends occurred mainly because of concern that CFCs may destroy stratospheric ozone, not because of the greenhouse issue.
CALCULATIONS FOR CFCs
Estimated growth rates and abundances of CFCs are listed in Table 1 The results tabulated in Table 1 ( Table 1) , it seems likely that CFC-22 will become a substantial greenhouse gas in the future, especially if it becomes a major substitute for CFC-12 and CFC-11.
COMPARISON OF CFC AND OTHER GREENHOUSE FORCINGS
We compare the radiative forcing due to CFCs and other greenhouse gases, for the past few decades and the preceding century. Estimated abundances for the gases are given in Table 2 Because adequate measurements are not available, we do not include either ozone or stratospheric water vapor changes in our results. Based on the discussion above, it seems likely that these two omissions are partially offsetting.
IMPACt OF PRODUC'rION CONSTRAINTS IN 1970S
Prior to 1974 the production of CFC-12 and CFC-11 was increasing by about 8-11% per year (Figure 4a ). After public concern was raised that CFCs may destroy stratospheric ozone there was a sharp break in the growth of CFC production, initially because consumers voluntarily turned to alternative products and, shortly thereafter, because legislatures in the United States, Canada and a few European countries passed laws restricting certain CFC uses.
If the growth rates of the early 1970s had continued to the present, the annual increments of greenhouse forcing by CFCs would now exceed that for CO 2 (Figure 4b ). Of course, some slowdown in CFC growth probably would have occurred due to economic forces, even without environmental concerns. But it appears that CFC greenhouse forcing would now be much greater than it is, at least comparable in magnitude to that for CO2, if there had been no public concern about possible adverse effects of continued CFC growth.
DISCUSSION
These results illustrate that CFCs are a large fraction, about one quarter, of current additions to greenhouse climate forcing. Thus, if the rate of release of CFCs to the atmosphere can be reduced, there is the potential for a major reduction in the rate of increase of the greenhouse effect. It should be noted that many of the proposed halocarbon substitutes for CFCs contain only fluorine, and, while posing no threat to the ozone layer, they may still contribute to an increased greenhouse effect. Assessment of the greenhouse impact of possible constraints on CFC emissions requires better data for the infrared absorption coefficients of various CFCs. These data are needed especially for compounds, such as CFC-22, which may be substituted for other CFCs.
If the growth of CFC production in the early 1970s had continued to date, the CFCs would now cause a much larger greenhouse effect, greater than that for CO 2. This illustrates actual climate forcing may be much less than in these "business as usual" scenarios.
Finally, we emphasize that full analysis of greenhouse climate forcing requires better measurements of other atmospheric constituents. The biggest uncertainties appear to arise from the lack of adequate monitoring of ozone in the upper troposphere and lower stratosphere, and of water vapor in the stratosphere.
